Analysis of the potency of various low molecular weight chemical chaperones to prevent protein aggregation.
Newly translated proteins must undergo proper folding to ensure their function. To enter a low energy state, misfolded proteins form aggregates, which are associated with many degenerative diseases, such as Huntington's disease and chronic kidney disease (CKD). Recent studies have shown the use of low molecular weight chemical chaperones to be an effective method of reducing protein aggregation in various cell types. This study demonstrates a novel non-biased assay to assess the molecular efficacy of these compounds at preventing protein misfolding and/or aggregation. This assay utilizes a thioflavin T fluorescent stain to provide a qualitative and quantitative measure of protein misfolding within cells. The functionality of this method was first assessed in renal proximal tubule epithelial cells treated with various endoplasmic reticulum (ER) stress inducers. Once established in the renal model system, we analyzed the ability of some known chemical chaperones to reduce ER stress. A total of five different compounds were selected: 4-phenylbutyrate (4-PBA), docosahexaenoic acid (DHA), tauroursodeoxycholic acid, trehalose, and glycerol. The dose-dependent effects of these compounds at reducing thapsigargin-induced ER stress was then analyzed, and used to determine their EC50 values. Of the chaperones, 4-PBA and DHA provided the greatest reduction of ER stress and did so at relatively low concentrations. Upon analyzing the efficiency of these compounds and their corresponding structures, it was determined that chaperones with a localized hydrophilic, polar end followed by a long hydrophobic chain, such as 4-PBA and DHA, were most effective at reducing ER stress. This study provides some insight into the use of low molecular weight chemical chaperones and may serve as the first step towards developing new chaperones of greater potency thereby providing potential treatments for diseases caused by protein aggregation.